The interpretation of processes yielding aqueous contaminant removal in the presence of elemental iron (e.g., in scepticism. This work shows that results from electrocoagulation (EC), using iron as sacrificial electrode, support the adsorption/co-precipitation concept. It is reiterated that despite a century of commercial use of EC, the scientific understanding of the complex chemical and physical processes involved is still incomplete.
Groundwater contamination is an environmental concern of worldwide relevance [1] [2] [3] [4] . The conventional method to treat contaminated aquifers involves pumping groundwater up from the aquifer, treating it above-ground, and either re-injecting it back into the aquifer or discharging it elsewhere (pump-and-treat method) [2] . The involved energy-intensive processes (pumping and operating systems) were shown to be expensive [3] . In many cases, the subsurface residual contaminant levels are undesirably high. Therefore, the pump-andtreat method is cost-intensive and ineffective as a rule. As an alternative, permeable reactive barriers (PRB) were introduced to treat contaminated groundwater below ground [1, 3] and the PRB technology is currently under development [5] [6] [7] . A PRB transforms the contaminations into less harmful substances or immobilizes them while allowing groundwater to pass through. The contaminant is either biologically or chemically transformed and/or physically removed [4, 5, [8] [9] [10] . Several reactive materials have been used including activated carbon, compost, clays, Fe II -bearing minerals, metallic iron, wood chip or zeolites. Two of the most common designs are 'funnel and gate' and 'continuous walls' [3] and metallic iron (Fe   0   ) represents the most commonly used reactive material [5, 11] .
The PRB technology using metallic iron (Fe 0 ) has gained acceptance as an effective passive remediation strategy for the treatment of a variety of organic and inorganic contaminants in groundwater [5, [8] [9] [10] [11] [12] [13] [14] reported to function as a Fenton-like system for the oxidation of several contaminants [29] .
A survey of the spectrum of efficiently removed species (oxidable, reducible and redoxinsensitive) suggests that some removal mechanisms may be universal while others are specific. Universal mechanisms are necessarily those involved in the removal of redoxinsensitive species: adsorption and co-precipitation. Therefore, as a rule, oxidable and reducible species may first be adsorbed and co-precipitated before redox transformations occur. Some species may be transformed in the aqueous phase (e.g. Cr VI by Fe II at pH < 4), but they will be adsorbed and/or co-precipitated when pH increases. This is the idea behind the adsorption/co-precipitation concept [19, 20] abiotic contaminant reduction coupled with metallic iron oxidation was a "broad consensus".
The purpose of this work is to corroborate the universality of the adsorption/co-precipitation concept of electrocoagulation (EC) using iron electrodes. Two major conclusions can be drawn from the Fe 0 EC: (i) in-situ produced iron hydroxides can effectively removed a variety of dissolved particles and suspended matter from aqueous solution, and (ii) a technology can be successfully used without fully understanding the fundamental chemical and physical mechanisms governing their functionality (e.g., the know why). However, a proper understanding of the fundamental physico-chemical principles will allow accurate model development for the design of improved systems, process control and process optimization.
For the sake of clarity, the processes of electrochemical iron dissolution will be recalled before the EC technology is described.
Aqueous iron dissolution: the background
Aqueous iron corrosion is essentially an electrochemical process involving the anodic dissolution of iron and an appropriated cathodic reduction. For natural waters the two main cathodic reduction reactions are H + reduction (or "H 2 evolution") and O 2 reduction ("O 2 adsorption"), depending on the pH value [34, 35] (Fig. 1) . Figure 1 shows clearly that the rate of Fe 0 dissolution decreases linearly with increasing pH for pH < 4. For the pH range 4 to 10, the rate of Fe 0 dissolution remains low and is almost constant. At pH > 10 a very slow linear decrease of iron dissolution with increasing pH is observed.
The major feature from Fig. 1 
Anodic reaction
The anodic iron dissolution after Eq. 1 (Tab. 1) is rigorously valid for strong acidic solutions.
For neutral and near neutral waters (4 ≤ pH ≤ 10, Fig. 1 ), iron dissolution is characterized by "oxygen adsorption" and has been reported to be a two-step scheme [35] . The transfer of the first electron across the interface involves water molecules that dissociate during the adsorption (Eq. 2); the transfer of the second electron limits the process under steady-state conditions. In parallel, adsorbed oxygen is formed via a similar scheme. 
Cathodic reactions
At pH < 4 "H 2 evolution" (Eq. 6) is the major cathodic reaction (Fig. 1) . It is well established that the presence of O 2 and CO 2 increases the rate of aqueous iron corrosion by increasing the rate of the "H 2 evolution" reaction [34, 40] . In particular, for CO 2 -rich solutions the domain of H 2 evolution is extended to pH 4. 
Oxide scale on Fe 0
The extent of iron dissolution from a Fe 0 material depends primarily on the solubility of iron (hydroxides or salts), which is a function of pH ( At a given pH value, whenever the solubility of an hydroxide (Fe(OH) n ) is exceeded it precipitates (Eq. 10 and 11). This precipitation could lead to the formation of an oxide scale.
The scale formation can be regarded as dehydration of precipitated hydroxides (Eq. 12 to 15).
The oxide scale formation is a dynamic process which continues after the initial film building 
When iron is used as electrode material, there are three major types of reactions in the electrochemical reactor (see Tab. 2 for more details):
(i) oxidation reaction at the anode (iron dissolution):
7 (24) 175 (ii) reduction reaction at the cathode:
176 (iii) hydrolysis reaction:
177 The equilibrium potential difference between the anode and the cathode is:
Eq. (29) suggests that E eq is not a function of pH. Although the discussed system is very 
Principle of Fe 0 electrocoagulation
The EC process is based on the continuous in-situ production of coagulants in the 
Concluding remarks
The permeable reactive barrier (PRB) technology (the passive remediation Fe 0 /H 2 O system) is a technology lying at the intersection of at least two fundamental technologies: (i) electrochemistry (aqueous iron oxidative dissolution) and (ii) precipitation/co-precipitation.
Each of these fields has been studied and possesses a great deal of individual understanding [27] C. 
